Effects of nitrification inhibitors and nitrogen fertilizers on growth and composition of plants / by Feng, Jinan
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Masters Theses 1911 - February 2014 
1988 
Effects of nitrification inhibitors and nitrogen fertilizers on growth 
and composition of plants / 
Jinan Feng 
University of Massachusetts Amherst 
Follow this and additional works at: https://scholarworks.umass.edu/theses 
Feng, Jinan, "Effects of nitrification inhibitors and nitrogen fertilizers on growth and composition of plants 
/" (1988). Masters Theses 1911 - February 2014. 3406. 
Retrieved from https://scholarworks.umass.edu/theses/3406 
This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 
UMASS/AMHERST 
31E0bbaD7bb3DEl 
EFFECTS OF NITRIFICATION INHIBITORS AND NITROGEN FERTILIZERS 
ON GROWTH AND COMPOSITION OF PLANTS 
A Thesis Presented 
by 
JINAN FENG 
Submitted to the Graduate School of the 
University of Massachusetts in partial fulfillment 
of the requirements for the degree of 
MASTER OF SCIENCE 
September 1988 
Department of Plant and Soil Sciences 
EFFECTS OF NITRIFICATION INHIBITORS AND NITROGEN FERTILIZERS 
ON GROWTH AND COMPOSITION OF PLANTS 
A Thesis Presented 
by 
JINAN FENG 
Approved as to style and content by: 
Allen V. Barker, Chairman 
Jonn Hi B< aker, Member 
Department of Plant and Soil Sciences 
ACKNOWLEDGEMENTS 
I would like to thank my major advisor, Dr. Allen V. 
Barker, for his assistance, guidance, and patience. I would 
also like to extend my thanks to the members of my 
committee for their kindness and many suggestons. Special 
thanks to Ms. Kathy Ready for her help in my laboratory 
wor k. 
iii 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGEMENTS . iii 
TABLE OF CONTENTS. iv 
LIST OF TABLES. vi 
LIST OF FIGURES.viii 
Chapter 
I. INTRODUCTION . 1 
II. LITERATURE REVIEW  3 
Nitrogen Loss and Nitrification . 3 
Nitrification Inhibitors . 4 
Phytotoxicity of Inhibitors  6 
Effects of Inhibitor on Composition . 8 
Effect on NH21+ and NO^".8 
Effect on K, Ca, and Mg.9 
III. MATERIALS AND METHODS.10 
Project I. Growth and Mineral Composition of 
Radish under Different Nitrification Inhibitors 
and Nitrogen Sources (spring, 1986)  10 
Project II. Different Plant in Response to 
Ammonium and Nitrate as Sources of Nitrogen 
under Application of Captan and Truban 
(spring, 1987)  12 
First Experiment.12 
Second Experiment . 13 
IV. RESULTS.15 
Project I.15 
Plant Growth.15 
Plant Composition.15 
Residual Nitrogen in Medium . 17 
Project II.17 
Radish.17 
Plant Growth.17 
Plant Composition.18 
Residual Nitrogen in Medium . 19 
Cor .19 
Plant Growth.19 
Plant Composition.20 
Residual Nitrogen in Medium . 21 
Soybean.21 
Plant Growth.21 
Plant Composition.22 
i V 
Residual Nitrogen in Medium . 23 
Wheat .23 
Plant Growth.23 
Plant Composition.24 
Residual Nitrogen in Medium . 24 
V. DISCUSSION.61 
Growth and Mineral Composition of Radish under 
Different Nitrification Inhibitors and Nitrogen 
Sources.61 
Different Plant in Response to Ammonium and 
Nitrate as Sources of Nitrogen under 
Application of Captan and Truban . 65 
LITERATURE CITED . 79 
V 
LIST OF TABLES 
1. Fresh weights of radish (May, 1986) . 25 
2. Dry weights of radish (May, 1986 ). 26 
3. Calcium concentration of radish (May, 1986) ... 27 
4. Magnesium concentration of radish (May, 1986) . . 28 
5. Potassium concentration of radish (May, 1986) . . 29 
6. Nitrate-N accumulation in radish shoots 
(May, 1 986). 30 
7. Residual nitrate in radish medium (May, 1986) . . 31 
8. Residual ammonium in radish medium (May, 1986) . 32 
9. Fresh weights of radish (March, 1987) . 33 
10. Dry weights of radish (March, 1987)  34 
11. Potassium concentration of radish (March, 1987) . 35 
12. Calcium concentration of radish (March, 1987) . . 36 
13. Magnesium concentration of radish (March, 1987) . 37 
14. Fresh weights of corn (May, 1 987).^0 
15. Dry weights of corn (May, 1987 ). 41 
16. Potassium concentration of corn (May, 1987) ... 42 
17. Calcium concentration of corn (May, 1987) .... 43 
18. Magnesium concentration of corn (May, 1987) ... 44 
19. Fresh weights of soybean (July, 1987) . 47 
20. Dry weights of soybean (July, 1987)  ^8 
21. Potassium concentration of soybean (July, 1987) . 49 
22. Calcium concentration of soybean (July, 1987) . . 50 
23. Magnesium concentration of soybean (July, 1987) . 51 
Vi 
54 24. Fresh weights of wheat (May, 1987) 
25. Dry weights of wheat (May, 1 987). 55 
26. Potassium concentration of wheat (May, 1987) . . 56 
27. Calcium concentration of wheat (May, 1987) ... 57 
28. Magnesium concentration of wheat (May, 1987) . . 58 
29. Correlation coefficients for linear regression of 
radish composition with residual nitrogen 
(May, 1 986). 7 1 
30. Correlation coefficients for linear regression of 
radish weight with composition and residual 
nitrogen (May, 1986)  72 
31. Cation concentration of plant as affected by 
nitrogen sources (1987) . 73 
32. Cation concentration of plant as affected by 
chemical inhibitors with nitrogen sources 
( 1 987)  74 
33. Residual nitrogen in radish medium (March, 1987). 75 
34. Residual nitrogen in corn medium (May, 1987) . . 76 
35. Residual nitrogen in soybean medium (July, 1987). 77 
36. Residual nitrogen in wheat medium (May, 1987) . . 78 
vii 
LIST OF FIGURES 
1. Nitrate in radish medium (March, 1987) . 38 
2. Ammonium in radish medium (March, 1987)  39 
3. Nitrate in corn medium (May, 1 987).45 
4. Ammonium in corn medium (May, 1987 ). 46 
5. Nitrate in soybean medium (July, 1987) . 52 
6. Ammonium in soybean medium (July, 1987)  53 
7. Nitrate in wheat medium (May, 1987)  59 
8. Ammonium in wheat medium (May, 1987)  60 
viii 
CHAPTER I 
INTRODUCTION 
Of all plant nutrition, nitrogen plays the most 
important role in plant growth, and nitrogen fertilizer 
application has the most important effects in terms of 
increasing crop production. However, nitrogen recoveries in 
the crop under field conditions often are no greater than 
50-60% of that applied. So nitrogen fertilizer management 
and conservation are taken into consideration in crop 
production . 
The shortfall in recovery of applied nitrogen, to some 
extent, may be due to immobilization or retention as ammonia 
but mainly is due to nitrogen losses from soil by several 
routes. Two of the most important routes for losses are 
denitrification and leaching. These occur only with nitrate. 
If nitrification, which is the process of biological 
oxidation of ammonia to nitrate, is blocked, the loss of 
nitrogen by denitrification and leaching is prevented. 
In order to increase utilization of applied nitrogen, 
nitrification inhibitors have been developed. In recent 
years, a large number of agricultural chemicals, including 
herbicides, insecticides, fungicides and fumigants, have 
been reported as nitrification inhibitors. Besides achieving 
the main objective of controlling a specific pest, often 
these substances reduce the activity of nonparasitic soil 
microorganisms. Nitrifying organisms have shown sensitivity 
to some agricultural chemicals. 
However, many reports showed that the use of 
nitrification inhibitors caused phytotoxicity and altered 
cation accumulation in plant. The toxic effects and the 
alteration of cation accumulation varied greatly with the 
concentration of inhibitors, the applied nitrogen sources, 
the plant species and the soil characteristics. 
The present research project compared the effects of 
nitrapyrin, which is reportedly the most effective chemical 
used to inhibit nitrification, with captan and benomyl on 
growth and composition of radish, and investigated different 
plants in response to captan and truban under various 
regimes of nitrogen sources in order to evaluate these 
agricultural chemicals as soil nitrification inhibitors. 
CHAPTER II 
LITERATURE REVIEW 
Nitrogen Loss and Nitrification 
Fertilizer nitrogen has contributed greatly toward 
meeting human needs for food and fiber. During the last 
several decades, a phenomenal increase in the consumption of 
commercial fertilizers has occurred around the world. The 
increase in the use of fertilizer nitrogen has been 
particularly impress!ve.t54] However, the data from Prasad, 
Rajale, and Lakhdi vel^ 44 ] and Kurtzt^25] have shown that the 
recovery of applied nitrogen ranged between 21% and 79%. In 
pot-culture experiment, the nitrogen recovery has been high, 
but in field experiments it was generally 50% or below. 
Since nitrogen is an important limiting factor for crop 
growth and quality, the efficient use of nitrogen fertilizer 
has been studied by agronomists for many years. There is a 
general agreement that leaching and denitrification are the 
main thoroughfares of nitrogen loss from soil, resulting in 
the low recovery of applied nitrogen. Leaching and 
denitrification losses of fertilizer nitrogen occur mainly 
from nitrite. Inhibition or retardation of nitrification can 
reduce these losses and increase the efficiency of applied 
nitrogen.[34,44] 
The bacterially mediated oxidation of ammonia to 
nitrate is known as nitrification. It occurs in a two-step 
process: 
H 
2NH4++3O2->2N02"+4H++2H20 
2NO2-+ O2->2N03- 
Two very specialized groups of bacteria are involved, one in 
the oxidation of NH4‘‘' to N02“ and other in the oxidation of 
NO2” to NO^-, Genera oxidizing ammonium to nitrite include 
Nitrosomonas, Nitrosococcus, Nitrosospira and Nitrosolobus. 
Nitrosomonas has been considered to be the most important 
of the soil organisms bringing about the conversion of NH4+ 
to N02“,^^»5^3 but recent research work has shown that 
Nitrosolobus is more important than Nitrosomonas at this 
step.t34] xhe conversion from nitrite to nitrate is effected 
largely by Nitrobacter. 
Ammonium oxidizers and nitrite oxidizers are obligately 
aerobic, and in waterlogged soil, nitrification is 
negligible.C13 in addition, the nitrifying bacteria prefer 
neutral to slightly acid pH condition. If the soil reaction 
is under pH 5, nitrification will be impeded. Finally, 
nitrification is affected markedly by temperature. Alexander 
pointed out that the rate is very slow below 5 and above 
40 OC, and the optimum usually lies between 30-35 oc.tl3 
Nitrification Inhibitors 
In order to avoid nitrate losses as a result of 
leaching and denitrification, nitrification inhibitors have 
been developed in last three decades. The inhibitors block 
the microbial oxidation of ammonium to nitrite and thus the 
formation of nitrate. 
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Many reports have shown that nitrapyrin (2-chloro-6- 
[ trichloromethyl]pyridine) is the most effective specific 
chemical used to inhibit nitrification.t9f35,44,47f52 ] 
Retardation of nitrification by nitrapyrin is brought about 
mainly due to toxicity to ammonium-oxidizer Nitrosomonas, 
but nitrapyrin is also toxic to Nitrobacter.C 443 
In recent years a large number of agricultural 
chemicals have been studied as nitrification or 
denitrification inh ib i to r s . t ”1 0 » 29,4 3 » 52,60,6 1 ] Truban (also 
known as Dwell or Terrazole), a fungicide, was studied by 
Stratton and Barkert52] under greenhouse conditions for 
radish growth, and it inhibited nitrification efficiently. 
Yeomans and Bremner^^O] found that captan, another 
fungicide, inhibited denitrification under laboratory 
condit ions. 
The effectiveness of nitrification inhibitors is 
affected by many factors, such as organic matter content, 
temperature, soil pH, form of nitrogen applied and 
management. [22 ] jhe general finding is that organic matter 
lessens the effectiveness of inhibitors. Nitrification 
inhibitors are much more effective in laboratory incubations 
at temperatures well below optimal for nitrification. This 
effect likely is due to slow degradation and volatilization. 
Since soil pH appears to have minimal influence on 
6 
persistence of inhibitors, effects of soil pH on inhibitor 
activity are involved largely with the initial population of 
nitrifiers and rate of recovery of the population after 
inhibitor activity has lessened. Nitrogen fertilizers such 
as NH^ and urea, which cause an increase in pH, generally 
nitrify faster than acid-forming fertilizers such as 
(NHi|)2S04. Hence, the relative inhibition of nitrification 
would be expected to be lower with the alkaline-forming 
fertilizer, at least in acid and neutral soil. Several 
management variables, such as application time and method 
affect the bioactivity of inhibitors as they interact with 
temperature and moisture in the soil. 
Phytotoxicity of Inhibitors 
The results from many research projects have shown that 
the uses of nitrification inhibitors were phytotoxic to some 
plants. The toxicity symptoms were described generally as 
retarded growth, interveinal chlorosis, marginal necrosis, 
and growth aberrations . C3» 37,38,^8,52,55,63 ] Some of the 
toxicity symptoms, such as retarded growth and marginal 
necrosis, were typical symptom of ammonium toxicity, and 
ammonium injury to plants was generally greater when 
nitrification inhibitors were added to the soil. 
Some reports showed that the aberrations in plant 
growth perhaps resulted from the phytotoxicity of the 
nitrification inhib i tor s . 52,63 ] The curling, twisting and 
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necrosis of vegetative growth produced by the inhibitors 
application closely resembled those caused by growth 
regulator substances, such as auxin-related chemicals. 
Zawistowska and Barkert^S] suggested that nitrification 
inhibitors affect cell membrane integrity or activity, and 
interference with a specific carrier protein might be a 
possibility for the mode of action inhibiting ion 
absorption. Another study with radish indicated that at 
least one site of action of nitrapyrin was associated with 
leaf chloroplasts. ] j^e incorporation of nitrapyrin with 
organic fertilizers significantly reduced the number of 
chloroplasts per cell and significantly affected the 
ultrastructure of radish mesophyll cell and chloroplasts. 
The phytotoxic severity of nitrification inhibitors 
depend to some extent on the concentration of inhibitors, 
plant species and soil characteristics. Sander and 
Barkerl^^S] studied toxicities of nitrapyrin and its 
metabolite, 6-chloropicolic acid, to radish and cucumber 
with sand culture, and found that nitrapyrin or 6- 
chloropicolic acid did not injure radish but restricted 
cucumber growth. The visible symptoms of nitrapyrin toxicity 
to cucumber appeared as constricted zones on the stem base 
and as white areas on petioles of first true leaves. The 
toxicity of 6-chloropicolic acid appeared as curling on 
younger leaves and marginal burn on older ones. 
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Effects of Inhibitor on Composition 
Effect on NHn+ and NO3- 
Both NH21+ and NO3- can be absorbed and metabolized by 
plants. Nitrate is often a preferential source for most crop 
growth, and its absorption is inhibited by ammonium.t3^] 
Swiader demonstrated that the presence of NO3- in nutrient 
solution had no significant effect on NHi|+ absorption, 
whereas in the reverse situation NH4+ inhibited N03“ uptake, 
primarily by means of reduced maximum uptake capacity 
(Vmax)^^^^ However, Goyal, Lorenz and Huffaker observed that 
adding NO3*" to the nutrient solution not only alleviated the 
toxicity but also substantially reduced level in 
radish shoots and roots. 
Results obtained from several studies^37f38 ] have shown 
that nitrate accumulation in the plants was less with 
NH4-forming fertilizer than with N03-forming fertilizer. The 
application of nitrapyrin eliminated the nitrate 
accumulation in the plants with both NHij-forming and 
N03-forming fertilizers. The studies also showed that 
nitrapyrin caused significantly lower concentrations of 
NO3-N in the soil with (NH4)2S04 fertilization but increased 
soil NO3-N levels with KNO3 treatments. When half of the 
nitrogen was supplied with NH4-N and half with NO3-N, the 
plant growth was equivalent to that of plants receiving only 
NO3-N, and NO3-N accumulation in the leaves was reduced by 
35% without nitrapyrin and by over 50% with nitrapyrin. 
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Effect on K, Ca, and Mg 
Mengel mentioned that plants fed with NO3-N contain 
high levels of cations and organic anions, and in contrast, 
plants supplied with NH^-N often contain lower 
concentrations of inorganic cations (K, Ca, Mg) and organic 
acids.[35] 
Most studies indicated that the application of the 
nitrification inhibitors decreased the Ca and Mg 
concentrations but increased the K concentration in the 
pi ants.C3f12,13»24,42,52,55 ] xhe decrease in Ca and Mg 
concentrations was much more than the increase in K 
concentration. Mathers, Stewart and Grunes found that 
nitrapyrin also decreased plant organic acid concentrations, * 
and this probably decreased Ca and Mg uptake.^^30] 
English, Rufner, and BarkerCl3] suggested that the 
decrease in Ca and Mg concentrations of plants receiving 
nitrification inhibitors might result from competition for 
absorption by NHij-N, and excessive uptake of NH4-N would be 
expected to decrease uptake of other cations, such as Ca and 
Mg, in order to maintain electroneutrality within the 
plants. 
CHAPTER III 
MATERIALS AND METHODS 
Project I 
Growth and Mineral Composition of Radish under Different 
Nitrification Inhibitors and Nitrogen Sources 
(spring, 1986) 
The study was conducted in greenhouse in spring 1986. 
’Cherry Belle* radish (Raphanus sativus L.) was seeded into 
6-inch plastic azalea pots containing 1200 g of a potting 
mix of loam, peat, and sand in a proportion of 7:3:2, 
respectively, by volume. 
Three inhibitor chemicals (nitrapyrin, captan, and 
benomyl) were applied at 0, 20, 40, and 60 mg/kg with three 
nitrogen sources (KNO3, (NH2|)2S04, and C0(NH2)2) 3^ 300 
mg/kg, respectively. Chemicals were mixed with medium before 
seeding and nitrogen fertilizers were applied in solution 
after seedling emergence three times with an interval of 
four days between applications. 
All treatments were arranged in four randomized 
complete blocks. 
Seedlings were thinned gradually to five plants in each 
pot, and the pots were irrigated with about 100 ml of tap 
water daily. The pots without KNO3 treatment received 
diluted KCl solution, in which the amount of K was equal to 
that of pots with KNO3 treatment, at the time of applying 
fertilizer s . 
Harvest occurred when the control plants had roots 
about 2.5 cm in diameter at four weeks after seeding . Roots 
and shoots were harvested separately. Plants were washed 
with tap water and then with deionized water. Tissues were 
weighed fresh and dried at 80 ^C. The dry tissues were 
ground to pass a 30-mesh screen. 
Potassium, calcium, and magnesium were determined by 
atomic absorption spectrophotometry on shoot and root tissue 
samples. A 200 mg portion of plant tissue was extracted by 
50 ml of 1 M HCl. The extract solution was diluted one 
hundred times so that the concentration of potassium, 
calcium, and magnesium were in proper working ranges. In 
order to overcome the effect of potassium ionization in 
the air-acetylene flame, NaCl to give a final concentration 
of 1000 mg/liter was added to all samples and blank 
solutions for potassium determination. Lanthanum to give a 
final concentration of 1% (w/v) was added to all solutions 
to prevent aluminum, phosphate, silicon, sulfate, titanium, 
and zirconium interferences for calcium and magnesium 
determinations, 
Nitrate in shoots and soil samples was analyzed by 
colorimetry with salicylic acid. 0.4 g plant tissue or 20 g 
soil sample was extracted by 50 ml deionized water. 0.8 ml 
of salicylic acid solution (5 g salicylic acid in 100 ml 
concentrated H2SO4) was added to 0.2 ml aliquot of extract. 
After 20 minutes,the solution was added with 19 ml of 2 N 
NaOH and read on spectrophotometer at 410 nm. 
12 
Ammonium in soil samples was determined by steam 
distillation. A 10 g soil sample was extracted by 50 ml of 2 
N KCl. A 20 ml portion of extract was distilled by Kjeldahl 
distillation apparatus. The NH4-N from the sample was 
absorbed by 10 ml of 2% boric acid with mixed indicator 
(methyl red and methylene blue in a proportion of 2:1). The 
absorbed solution was titrated by 1/70 N KH(I02)2. 
The data were processed by regression analysis and 
analysis of variance with BMDP Statistical So f t war e . ^ ^ ^ 
Project II 
Different Plant in Response to Ammonium and Nitrate as 
Sources of Nitrogen under Application of Captan and Truban 
(spring , 1 987 ) 
The study was conducted in greenhouse in spring, 1987. 
The cultured medium and pots used in this study were the 
same as those described in project I. 
First Experiment 
Radish (Raphanus sativus, * Cherry Belle*) was seeded 
into pots containing 1200 g of the mixed medium. 
Two nitrogen sources (NaNO^ and (NHi|)2S0ii) were applied 
at 0, 200, 400, 600, 800 mg/kg with control, truban (30 
mg/kg), and captan (60 mg/kg), respectively. Chemicals were 
mixed with the medium before seeding, and nitrogen 
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fertilizers were applied in solution after seedling 
emergence three times with an interval of four days. 
All treatments were arranged in four randomized 
complete blocks. 
Seedlings were thinned gradually to five plants in each 
pot. All pots were irrigated with about 100 ml of tap water 
daily. 
Radish plants were harvested when the control plants 
had roots of about 2.5 cm in diameter six weeks after 
seeding. All plants were washed with tap water and deionized 
water. Fresh weights of radish shoots and roots were 
recorded. Plant tissues were dried at 80 oc and then were 
ground to pass a 30-mesh screen. 
Second Experiment 
Corn (Zea mays L., ^ Agway 584S *), wheat (Triticum 
aestivum L., * Simpson *) , and soybean (Glycine max Merr , 
* A1to na *) were seeded into the pots. 
Two nitrogen sources (NaNO^ and (NHij)2SOi4) were applied 
at 0, 100, 200, 400 mg/kg with control, truban (30 mg/kg), 
and captan(60 mg/kg), respectively. 
The method design was the same as that described in the 
first experiment. 
Three plants for corn and soybean and ten plants for 
wheat after thinning were grown in each pot. The pots were 
irrigated with about 100 ml of tap water daily. Three weeks 
after the emergence, corn, wheat and soybean were treated 
with 100 ml of 0,001 M KH2PO4 for five days due to the 
appearance of phosphorus deficiency. 
Corn, wheat, and soybean plants were harvested when the 
control plants had serious nitrogen deficiency symptoms. For 
corn and wheat, harvest was at six weeks after seeding, and 
for soybean, it was five weeks after seeding. At harvest 
time, plant shoots were washed with tap water and deionized 
water and then were dried at 80 ^C. The dried plant tissues 
were ground to pass a 30-mash screen. 
The methods of K, Ca, and Mg determinations in plant 
tissues and the determination of NH4-N and NO3-N in soil 
samples for the first experiment and the second experiment 
were the same as described in project I. 
CHAPTER IV 
RESULTS 
Project I 
Plant Growth 
Symptom: Leaves of plants growing in medium with all 
three chemicals and with nitrate nutrition had normal 
morphology. As the concentration of nitrapyrin and captan in 
the medium with ammonium nitrogen increased, the growth of 
roots and shoots was restricted, and leaves of plants 
appeared with symptoms of stunting, intereveinal chlorosis, 
marginal necrosis, and upward cupping. The roots were 
stunted and twisted and failed to expand properly. 
Fresh and Dry Weights: The fresh weights of shoots and 
roots of plants growing in medium supplied with ammonium 
sulfate or urea decreased with the application of nitrapyrin 
or captan (Table 1). The fresh weights of plants growing 
with nitrate also decreased significantly with the 
application of nitrapyrin, but captan with nitrate had no 
effects on fresh weight. The fresh weights of plants growing 
in the medium with benomyl under all nitrogen sources had no 
significant difference from the control without chemical. 
The dry weights of plants had almost the same trends as the 
fresh weights (Table 2). 
Plant Composition 
Ca‘‘'+: The percentages of Ca + + in shoots of plant 
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growing with NHij-N or urea decreased with supplied 
nitrapyrin or captan (Table 3). There were no significant 
effects on Ca++ percentages of the shoots which were 
conducted with captan and nitrate, Benomyl had no effects on 
Ca++ percentages with all nitrogen sources. In roots, only 
nitrapyrin or captan with ammonium sulfate had a significant 
effect on Ca++ percentages. 
Mg + -»-; Nitrapyrin and captan with three nitrogen sources 
decreased Mg++ percentages in shoots (Table 4), but Mg++ 
percentages in shoots of plant applied with ammonium sulfate 
or urea fell more sharply than those applied with nitrate. 
Benomyl had no significant effect on Mg++ percentages in 
shoots receiving ammonium sulfate or urea. However, the 
application of nitrapyrin and captan had no significant 
effects on Mg'*’+ percentages in plant roots with all nitrogen 
sources. 
K+: In contrast to Ca'*"'’ and Mg'’"*', K'*' percentages in 
shoot of plant receiving ammonium sulfate or urea increased 
with the application of nitrapyrin and captan (Table 5). 
Benomyl also had no significant effect on K+ percentages in 
shoot. The same case occurred in root of plant, and only 
nitrapyrin and captan supplied with ammonium sulfate or urea 
had significant effect on K+ percentages. 
NO3-N in Shoots: NO3-N in shoot of plants grown with 
ammonium sulfate or urea decreased sharply with 20 mg/kg of 
nitrapyrin application (Table 6). Nitrate concentrations of 
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plants receiving ammonium sulfate or urea decreased at 
captan application above 40 mg/kg. Benomyl had no 
significant effect on nitrate accumulation in shoots. 
Residual Nitrogen in Medium 
NO^-N; What happened to radish shoots occurred in the 
medium (Table 7). The NO3-N in the medium treated with 
ammonium sulfate or urea decreased sharply with 20 mg/kg of 
nitrapyrin application or 40 mg/kg of captan application. 
NHi|-N: If the medium was treated with ammonium sulfate 
or urea, NHi|-N in the medium increased as nitrapyrin and 
captan increased (Table 8). The data show that nitrapyrin 
applied with 20 mg/kg effectively inhibited nitrification, 
but captan was effective only at application above 40 mg/kg. 
Project II 
Radish 
Plant Growth 
The plants grown with nitrate-N at 200 mg/kg and 400 
ppm grew normally. However, the leaves of plant receiving 
over 600 mg/kg of nitrate-N had marginal necrosis and 
restricted growth. On the other hand, plants treated with 
over 400 mg/kg of ammonium-N had symptoms of upward cupping 
of leaves, interveinal chlorosis, marginal necrosis, and 
stunted growth. The plants growing in medium with captan and 
with 800 mg/kg of ammonium were dead. 
The data showed that the fresh and dry weight of shoots 
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and roots of plants growing with or without chemicals 
decreased as nitrate and ammonium increased (Table 9 and 
Table 10). But the fresh and dry weight of shoots and roots 
of plant growing with chemicals decreased more quickly than 
that of shoots and roots of plant growing without chemicals, 
and truban and captan had no significantly different effect 
on fresh and dry weight. 
Plant Composition 
K+: The concentration of potassium in shoots decreased 
as nitrate and ammonium supply increased (Table 11). The 
potassium concentration of shoots supplied with nitrate 
decreased more sharply than those of shoots receiving 
ammonium. In plant roots, enhance of ammonium application 
increased the concentration of potassium. Compared with the 
control, truban and captan increased the potassium 
concentration of plant treated with nitrate and ammonium in 
shoots and roots. 
Ca**"'^; The calcium concentration of shoots of plants 
decreased with application of nitrate or ammonium (Table 
12). However, the calcium concentration of shoots supplied 
with ammonium decreased more quickly than those of shoots 
applied with nitrate. In plant roots, the application of 
nitrate or ammonium raised the concentration of calcium. In 
most cases, the chemicals combined with nitrate or ammonium 
had no significant effects on calcium concentration compared 
with control. 
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Mg++: Like calcium, the magnesium concentration of 
shoots decreased with application of nitrate or ammonium 
(Table 13). The concentration of magnesium of roots was 
raised by application of ammonium nitrogen. Truban or captan 
increased the magnesium concentration of shoots supplied 
with nitrate and ammonium compared with the control, but 
there were no significant effects on the magnesium 
concentration of roots. 
Residual Nitrogen in Medium 
NO^-N: Fig.l shows that the residual NO3-N in the 
medium treated with chemicals and nitrate nitrogen at 400 
mg/kg was twice as much as that in the medium without 
chemicals. In the medium with nitrate nitrogen at 600 mg/kg 
and 800 mg/kg, NO3-N in the medium with captan, compared 
with that in control, increased 200%, and compared with that 
in the medium with truban, increased 50%. 
NH4-N; Compared with the control, the medium treated 
with ammonium nitrogen and truban or captan had high 
concentration of residual NH21-N (Fig. 2). 
Corn 
Plant Growth 
At harvest, plants fertilized with 100 mg/kg of nitrate 
and ammonium nitrogen were light yellow, and were restricted 
in growth. The leaves of plant receiving 200 rag/kg of 
ammonium nitrogen appeared dark violet. The plant with 
application of ammonium nitrogen at 400 mg/kg had stunted 
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growth, and the leaves of plant were soft with marginal and 
spot necrosis. 
The fresh and dry weights of plant supplied with 
nitrate nitrogen at 400 mg/kg decreased a little, but plant 
supplied with ammonium nitrogen decreased extremely in 
weights (Table 14). The fresh weights of plant receiving 
chemicals were not significantly different from the control. 
For dry weight, only the plant treated with nitrate nitrogen 
and captan increased in weight compared with that of the 
control (Table 15). 
Plant Composition 
K+; The application of nitrogen fertilizer decreased 
the potassium concentration of plants compared with the 
control (Table 16). The concentration of potassium had a 
tendency to increase as nitrate or ammonium nitrogen was 
increased. Truban and captan combined with nitrogen supply 
had no significant effects on potassium concentration in the 
plant. ' 
Ca'*"’’: As the application of nitrate or ammonium 
nitrogen increased, the concentration of calcium decreased 
(Table 17). The application of nitrate nitrogen decreased 
the calcium concentration more quickly than ammonium 
nitrogen. Compared with the control, truban increased the 
calcium concentration of plant supplied with nitrate or 
ammonium, nitrogen, and captan had no significant effect. 
Mg'*”*": Like calcium, the concentration of magnesium was 
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decreased by the increase of application of nitrate or 
ammonium (Table 18). Only plants treated with nitrate and 
truban increased in concentration of magnesium compared with 
the control. 
Residual Nitrogen in Medium 
NO3-N: The application of 400 mg/kg of nitrate nitrogen 
with captan increased 75% of residual NO3-N in the medium 
compared with the control, but truban had no significant 
effect on the residual NO3-N (Fig 3), 
NHij-N: Fig,4 showed that captan with application of 
ammonium nitrogen at 400 mg/kg increased 60% of the residual 
in the medium, and truban increased the residual NHij-N 
about 35%. 
Soybean 
Plant Growth 
The old leaves of plant supplied with nitrate nitrogen 
at 400 mg/kg had marginal necrosis. The plant treated with 
ammonium nitrogen had yellow-white or brown spots on the 
middle of leaves at 200 mg/kg, and marginal necrosis and 
restricted growth at 400 mg/kg. Plants supplied with 
ammonium nitrogen over 200 mg/kg and truban had stunted 
growth and wilted leaves. The plant treated with captan and 
both nitrate and ammonium nitrogen grew with clustering of 
branches at the top of shoot. The plant with captan and 
ammonium had wilting new leaves and cupping leaves at middle 
up plant 
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Table 19 and Table 20 show that the fresh and dry 
weights of plant supplied with nitrate or ammonium nitrogen 
decreased as nitrogen fertilizers increased, but the weights 
of plants supplied with ammonium nitrogen decreased more 
quickly than that of plant supplied with nitrate nitrogen. 
Compared with the control, truban or captan significantly 
decreased the fresh and dry weight of plants supplied with 
ammonium nitrogen, and only captan decreased that of plant 
supplied with nitrate nitrogen. 
Plant Composition 
K'*’: Except for the plants receiving captan and nitrate, 
potassium concentration of plant increased as nitrogen 
fertilizers increased (Table 21). Captan significantly 
increased potassium concentration of plant supplied with 
both nitrate and ammonium nitrogen, and truban only 
increased that of plant supplied with ammonium nitrogen 
compared with the control. 
Ca + '‘‘: The concentration of calcium of plant decreased 
as the application of nitrate and ammonium nitrogen 
increased (Table 22), but ammonium resulted in a sharp 
decrease. Compared with the control, captan and truban 
significantly decreased the calcium concentration of plant 
supplied with ammonium nitrogen, and they combined with 
application of nitrate nitrogen had no significant effect on 
calcium concentration. 
Mg’*"*"; As the application of nitrogen fertilizers 
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increased, the magnesium concentration was decreased by 
nitrate nitrogen but increased by ammonium nitrogen (Table 
23). Truban or captan significantly increased the magnesium 
concentration compared with the control. 
Residual Nitrogen in Medium 
NO^-N: Fig.5 shows that the application of nitrate 
nitrogen at 400 mg/kg with captan increased residual NO^-N 
by 60% in medium compared with the control. The medium 
treated with ammonium nitrogen but without chemicals had 
twice as much residual NO^-N as that treated with chemicals 
and ammonium nitrogen at over 200 mg/kg. 
Truban or captan significantly increased the 
residual NH^-N in the medium treated with ammonium nitrogen 
at over 200 mg/kg (Fig. 6). The residual NH4-N in the medium 
with 400 mg/kg of ammonium nitrogen supply was increased 
120% by truban and captan. 
Wheat 
Plant Growth 
With or without chemicals, there were no distinguished 
symptoms on plant. The plant supplied with high 
concentration of nitrogen had tip leaf necrosis, and the 
application of 400 mg/kg of ammonium nitrogen stunted the 
growth of plant. 
The fresh and dry weights decreased as application of 
nitrogen increased (Table 24 and Table 25). Compared with 
the control, captan and truban combined with ammonium 
24 
significantly decreased the fresh and dry weights. 
Plant Composition 
K+: The concentration of potassium increased as 
application of nitrogen increased (Table 26). truban and 
captan combined with nitrogen fertilizers had no significant 
effects on potassium concentration of plants. 
Ca++: As application of nitrogen increased, the 
concentration of calcium decreased (Table 27). Compared with 
the control, Truban or captan significantly increased the 
concentration of calcium in plants supplied with nitrate or 
ammonium nitrogen. 
Mg++; The lower rate application of nitrate nitrogen 
increased the concentration of magnesium compared with 
control treatment, but the magnesium concentration decreased 
at the high rate nitrate nitrogen supply (Table 28). The 
application of ammonium nitrogen decreased the concentration 
of magnesium. Except for plant treated with captan and 
ammonium nitrogen, the application of chemicals combined 
with nitrogen fertilizers increased the magnesium 
concentration. 
Residual Nitrogen in Medium 
NO^-N: Fig.7 shows that the application of captan with 
NO^-N at 400 rag/kg increased residual NO3-N by 150% and 
truban had no significant effect on the residual NO3-N. 
NHij-N; The residual NHij-N was increased by application 
of truban and captan with NH4-N at 400 mg/kg (Fig. 8). 
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Table 1, Fresh weights of radish (May, 1986) 
Shoots Roots 
Chemical Level N-source 
(mg/kg) _ 
KNO3 (NH||)2S04 Urea KNO3 (NH4)2S04 Urea 
g/pot 
Control 0 35.8a 37.8b 45.7ab 60.7a 22.8a 53.5a 
Nitrapyrin 20 27.5 15.6 23.6 61.0 7.3 10.6 
40 29.0 18.4 31.8 59.0 5.8 15.2 
60 25.6 19.7 27.2 46.6 9.7 14. 1 
Significance NS NS NS NS NS NS 
Mean^ 27.4b 17.9d 27.5c 55,5a 7.6b 13.3c 
Captan 20 33.8 27.9 46.8 61.7 12.5 39.4 
40 36.5 20.0 40.0 59. 1 5.8 31.3 
60 38.9 23.7 37.7 64.2 10.7 21.9 
Significance NS NS L* NS NS Lftft 
Mean 36.4a 23.9c 41.5b 61.7a 9.7b 30.8b 
Benomyl 20 37.5 45.0 50.0 62.0 28.5 54.6 
40 33.0 48.6 47.5 53.9 34.5 45.7 
60 43.2 37. 1 44.3 69.5 23.6 51.5 
Significance Q* Q* NS Q* NS NS 
Mean 37.9a 43.5a 47.2a 61.8a 28.8a 50.6a 
Chemic al(C ) 
N-source(S ) 
CS 
Results of 
«« 
» ft 
variable analysis b y F 
ft ft 
ft ft 
ft ft 
test 
L Linear regression, Q Quadratic regression. 
** Significance at level. * Significance at 5% level, 
NS Nonsignificance, 
// Means within column folio wed by different letters 
under shoots or roots are significantly different (p<_0,05) 
by Duncan's multiple range test. 
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Table 2. Dry weights of radish (May, 1986) 
Shoots Roots 
Chemical Level 
(ag/kg) 
N-source 
KKO3 (NH4)2S04 Urea KNO3 (NH4)2S0^; Urea 
Control 0 2.19a 2.02b 
Xitrapyrin 20 1.99 1.07 
40 1.85 1.03 
60 1.62 1.13 
Significance NS NS 
Me an^ 1.82b 1.07c 
Captan 20 2.29 1.50 
40 2.40 0.87 
60 2.37 1.31 
Significance NS Q»» 
Mean 2.35a 1.22c 
Benonyl 20 2.46 2.45 
40 2. 12 2.61 
60 2.56 2.03 
Significance Q* NS 
Mean 2.38a 2.36a 
Results of 
ChenicaKC) 
K-source(S) * « 
CS ft ft 
g/pot 
2.75a 2.35bc 1.13a 2.72a 
1.40 2.34 0.29 0.44 
1.71 2.21 0.20 0.50 
1.50 1.90 0.30 0.56 
NS NS NS NS 
1.53c 2.15c 0.26b 0.50c 
2.48 2.50 0.48 1.86 
2.03 2.69 0.23 1.38 
2. 11 2.64 0.51 1.20 
NS NS NS L* 
2.21b 2.6lab 0.41b 1.48b 
2.67 2.80 1.49 2.69 
2.54 2.55 1.82 2.25 
2.54 3.06 1.27 2.52 
NS NS NS NS 
2.58a 2.80a 1.52a 2.49a 
variable analysis by F t 
ft ft 
ft ft 
ft ft 
est 
L Linear regression, Q Quadratic regression. 
** Significance at 1? level. * Significance at level. 
KS Konsignificance. 
# Means within coluan followed by different letters 
under shoots or roots are significantly different (p£0.05) 
by Duncan's sultiple range test. 
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Table 3. Calcium concentration of radish (May, 1986) 
Shoots Roots 
Chemical Level 
(mg/kg) 
N-source 
KNO3 (NH4)2SO4 Urea KNO3 (NH4)2S04 Urea 
% dry weight 
Control 0 3.21a 2.10a 2.33a 0.39a 0.34b 0.35a 
Nitrapyrin 20 2.84 1.66 1.57 0.38 0.43 0.36 
40 2.79 1. 47 1.40 0.32 0.51 0.43 
60 2.61 1.55 1.46 0.42 0.47 0.34 
Significance NS NS NS NS NS NS 
M e a n 2.75b 1 .56b 1 .47c 0.37a 0.47a 0.38a 
Captan 20 2.93 1.74 
0
 . 
C
\J 0.36 0.50 0.37 
40 3.02 1.70 2.09 0.41 0.54 0.42 
60 3.10 1.63 1.59 0.35 0.38 0.32 
Significance NS NS L»» NS L* NS 
Mean 3.02a 1.69b 2.02b 0.37a 0.47a 0.37a 
Benomyl 20 3.20 2.01 2.37 0.30 0.35 0.36 
40 3.03 2.09 2.33 0.32 0.35 0.33 
60 2.99 1.94 2.47 0.32 0.39 0.32 
Significance NS NS NS NS NS NS 
Mean 3.07a 2.01a 2.39a 0.31a 0.36b 0.34a 
Chemical(C) 
N-source(S) 
CS 
Results of 
* « 
NS 
variable analysis by F test 
NS 
NS 
L Linear regression. Q Quadratic regression. 
** Significance at ^% level. * Significance at 5% level. 
NS Nonsignificance. 
// Means within column followed by different letters 
under shoots or roots are significantly different (p<_0.05) 
by Duncan's multiple range test. 
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Table 4. Magnesium concentration of radish (May, 1986) 
Shoots Roots 
Chemical Level 
(mg/kg) 
N-source 
KNO3 (NH4 )2S04 Urea KNO3 (NH4)2S04 Urea 
% dry weight 
Control 0 0.77a 0.55a 0.60a 0.22a 0.21ab 0.22a 
Nitrapyrin 20 0.70 0.54 0.52 0.26 0.21 0.21 
40 0.69 0.53 0.50 0.23 0.22 0.20 
60 0.69 0.47 0.47 0.24 0.21 0. 18 
Significance NS NS NS NS NS NS 
M e a n 0.69b 0.51ab 0.49b 0.24a 0.22a 0 . 20ab 
Captan 20 0.73 0.50 0.59 0.24 0.20 0.22 
40 0.68 0.47 0.48 0.25 0.22 0.22 
60 0.66 0.42 0.43 0.21 0.19 0.17 
Significance NS L* L** NS NS L* 
Mean 0.69b 0.46b 0.50b 0.23a 0.20ab 0.20ab 
Benomyl 20 0.69 0.50 0.53 0. 18 0.19 0. 17 
40 0.66 0.52 0.55 0. 19 0.18 0.17 
60 0.69 0.52 0.58 0.18 0.19 0.19 
Significance NS NS NS NS NS NS 
Mean 0.68b 0.51ab 0.55ab 0.19b 0.19b 0.18b 
Chemical(C) 
N-source(S) 
CS 
Results of variable 
NS 
analysis by F test 
** 
NS 
NS 
L Linear regression. Q Quadratic regression, 
** Significance at 1% level. * Significance at 5% level. 
NS Nonsignificance. 
if Means within column followed by different letters 
under shoots or roots are significantly different (p^0,05) 
by Duncan’s multiple range test. 
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Table 5. Potassium concentration of radish (May, 1986) 
Shoots Roots 
Chemical Level 
(mg/kg) 
N-source 
KNO3 (NH4)2S04 Urea KNO3 (NH4)2S04 Urea 
% dry weight 
Control 0 4.44b 6.50b 5.55c 6,60 ab 6.85b 5.98c 
Nitrapyrin 20 4.56 6.69 7.00 7.35 8.73 7.75 
40 5.06 7.19 7.75 6.40 9.13 8.99 
60 5.50 7.56 6.69 8.02 9.88 8.22 
Significance L* L* NS Q* NS NS 
M e a n 5.04a 7. 15a 7.15a 7.26a 9.25a 8.32a 
Captan 20 4.25 6.94 6.13 6.81 10.41 7.61 
40 4.50 7.38 6.56 7.92 9.25 8.06 
60 4.81 7.37 6.81 6.63 8.25 6,63 
Significance NS NS L* NS NS 
Mean 4.52b 7.23a 6.50b 7. 12a 9.31a 7.'l3b 
Benomyl 20 4.25 7.00 5.63 6.28 6.77 5.98 
40 4.44 6.56 5.81 5.74 6.21 6.05 
60 4.50 7.06 5.81 5.79 6.30 6. 12 
Significance NS NS NS NS NS NS 
Mean 4.40b 6.88ab 5.75c 5.94b 6.43b 6.05c 
Chemical(C) 
N-source(S) 
CS 
Results of 
« 
variable analysis by F test 
« 
L Linear regression, Q Quadratic regression. 
** Significance at level. * Significance at 5% level. 
NS Nonsignificance. 
if Means within column followed by different letters 
under shoots or roots are significantly different (p<_0,05) 
by Duncan's multiple range test. 
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Table 6. Nitrate-N accumulation in radish shoots (May, 1986) 
Chemicals 
N-sources 
(mg/kg) 
KNO3 (NH4 )2S04 Urea 
Control 0 1.31a 
NO3-N, % dry weight 
0.40b 0.80a 
Nitrapyrin 20 1.16 0.01 0.01 
40 1.19 0.01 0.02 
60 1.23 0.01 0.02 
Significance NS NS NS 
M e a n 1.19a 0.01 d 0.02c 
Captan 20 1.28 0.50 0.89 
40 1.12 0. 16 0.74 
60 1.34 0.07 0.34 
Significance NS 
Mean 1.25a 0.24c 0.66b 
Benomyl 20 1.22 0.55 0.75 
40 1.15 0.73 0.85 
60 1.33 0.50 0.95 
Significance NS NS NS 
Mean 1.23a 0.59a 0.85a 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis by F test 
L Linear regression. Q Quadratic regression. 
** Significance at ^% level. * Significance at 5% level. 
NS Nonsignificance. 
# Means within column followed by different letters are 
significantly different (p<^0.05) by Duncan’s multiple range 
test. 
31 
Table 7. Residual nitrate in radish medium (May, 1986) 
Chemicals 
(mg/kg) 
N-sources 
KNO3 (NH4)2S0i| Urea 
NO^-N, mg/kg 
Control 0 130ab 34a 36ab 
Nitrapyrin 20 141 3 4 
40 138 5 3 
60 138 3 3 
Significance NS NS NS 
Mean^ 139a 4 c 3c 
Captan 20 115 30 39 
40 119 27 35 
60 120 1 1 15 
Significance NS L* L* 
Mean 118c 23b 30b 
Benomyl 20 123 34 39 
40 124 36 44 
60 129 33 49 
Significance NS NS NS 
Mean 125bc 34a 44a 
Results of variable analysis by F test 
Chemic al(C) « * 
N-source(S) 
CS « « 
L Linear regression. Q Quadratic regression. 
»« Significance at 1% level. * Significance at 5% level. 
NS Nonsignificance. 
# Means within column followed by different letters are 
significantly different (p£0.05) by Duncan's multiple range 
test. 
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Table 8. Residual ammonium in radish medium (May, 1986) 
Chemicals 
(mg/kg) 
N-sources 
KNO3 (NH4)2S04 Urea 
NHij-N, mg/kg 
Control 0 5a 129c 26c 
Nitrapyrin 20 6 200 131 
40 5 178 106 
60 6 181 125 
Significance NS NS NS 
Me an^ 6a 186 a 121a 
Captan 20 5 11 6 24 
40 5 162 49 
60 5 1 72 84 
Significance NS 
L«» 
Mean 5a 1 50b 52b 
Benomyl 20 5 1 16 21 
40 5 126 23 
60 5 1 20 16 
Significance NS NS NS 
Mean 5a 121c 20c 
Results of variable analysis by F test 
Chemical(C) »« 
N-source(S) « « 
CS 
L Linear regression. Q Quadratic regression. 
** Significance at level. * Significance at 5% level. 
NS Nonsignificance. 
# Means within column followed by different letters are 
significantly different (p<_0.05) by Duncan's multiple range 
test. 
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Table 9. Fresh weights of radish (March, 1987) 
Shoots Roots 
N-source 
(mg/kg) 
Chemicals 
Control Truban Captan Control Truban Captan 
g/pot 
Control 0 4.1a 3.9a 3.6a 11.3a 13.5a 12.4a 
NOo-N 200 16.0 11.7 12.2 42.5 26.3 26.3 
400 13.4 9.4 11.0 28.9 15.8 21.0 
600 11.7 8.4 6.9 20.5 8.9 8.4 
800 7.1 6.5 4.8 7.2 7.7 1.2 
Significance L* NS L» L»* 
Mean 12. la^-^ 9.0b 8.7b 24.8a 14.7b 14.2b 
NH4-N 200 16.9 14.7 12.5 16.5 13. 1 6.5 
400 12.5 8.5 3.1 4.0 2.0 0.8 
600 5.5 3.7 3. 1 1.6 0.8 0.5 
800 2.1 0.7 ___ 0.6 0.2 — 
Significance L** L* L* NS NS 
Mean 9.2a 6.9b 6.2b 5.7a 4.0a 2.6a 
Results of variable analysis by F test 
Chemical(C) * 
N-source(S) Hit 
CS NS NS 
L Linear regression, Q Quadratic regression. 
** Significance at ^% level. * Significance at 5% level. 
NS Nonsignificance. 
// Within rows, means followed by different letters under 
shoots or roots are significantly different (p<_0.05) by 
Duncan’s multiple range test. 
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Table 10. Dry weights of radish (March, 1987) 
Shoots Roots 
N-source Chemic als 
(mg/kg) 
Control Truban Captan Control Truban Captan 
g/pot 
Control 0 0.41a 0.39a 0.35a 0.79b 1.18a 0.95b 
NOo-N 200 1.18 0.90 0.93 2. 15 1.37 1.26 
400 0.96 0.69 0.77 1.34 0.77 0.92 
600 0.83 0.60 0.55 0.97 0.43 0.44 
800 0.55 0.43 0.44 0.34 0.36 0.06 
Significance L» NS NS L»» 
Mean 0.66b 0.67b 1.20a 0.73b 0.67b 
NHi|-N 200 1.51 1.32 1.03 1.16 0.89 0.40 
400 1.18 0.79 0.33 0.28 0. 13 0.05 
600 0.61 0.40 0.32 0.09 0.05 0.03 
800 0.30 0. 13 0.04 0.03 — 
Significance L** L** L* L** L* NS 
Mean 0.90a 0.66b 0.56b 0.39a 0.28a 0.16a 
Results of variable analysis by F test 
Chemical(C) 
N-source(S) « « 
CS NS NS 
L Linear regression. Q Quadratic regression. 
** Significance at level. » Significance at 5% level. 
NS Nonsignificance. 
Within rows, means followed by different letters under 
shoots or roots are significantly different (p<_0.05) by 
Duncan’s multiple range test. 
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Table 11. Potassium concentration of radish (March, 1987) 
Shoots Roots 
N-source Chem ic als 
(mg/kg) 
Control Truban Captan Control Truban Captan 
% dry weight 
Control 0 2.56b 2.88a 2.83a 3.11c 3.60b 4.27a 
NOo-N 200 1.31 1.60 1.29 2. 15 2.54 2.78 
400 1.13 1.04 0.99 1.89 2.00 2. 14 
600 0.84 1.03 0.91 1.50 1.84 1.65 
800 0.88 0.80 0.91 1.33 1.30 0.88 
Significance NS L* NS NS NS L* 
Mean 1.04a^'^ 1 . 12a 1.03a 1.72a 1.92a 1.86a 
NHii-N 200 2.21 2.71 3. 1 1 2. 37 2.74 5.38 
400 2.25 2.56 2.17 3.93 5.47 5.76 
600 2.00 1.94 1.80 5.11 3.41 3.69 
800 1.64 1.85 3.92 2.85 — 
Significance L* L** L** Q* Q«» L* 
Mean 2.02b 2.27a 2. 36a 3.83b 3.62b 4.94a 
Chemical(C) 
N-source(S) 
CS 
Results of 
« « 
NS 
variable analysis by F 
«« 
« ft 
test 
L Linear regression. Q Quadratic regression. 
** Significance at level. * Significance at 5% level. 
NS Nonsignificance. 
Within rows, means followed by different letters under 
shoots or roots are significantly different (p<^0.05) by 
Duncan*s multiple range test. 
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Table 12, Calcium concentration of radish (March, 1987) 
Shoots Roots 
N-so urce Chemic als 
(mg/kg) 
Control Truban Captan Control Truban Captan 
% dry weight 
Control 0 3.58a 2.99c 3.23b 0.48a 0.38b 0.44a 
NOo-N 200 2.74 2.43 2.25 0.53 0.46 0.42 
400 1.93 1.69 1.71 0.55 0.48 0.39 
600 1 . 43 1.60 1.72 0.64 0.51 0.41 
800 1.44 1.02 1.95 0.79 0.41 1.36 
Significance NS NS NS 
Lftft 
Mean 1.89ab/-^ 1.68b 1.91a 0.62a 0.47b 0,64a 
NH4-N 200 1.61 1.51 1.28 0.48 0.37 0.44 
400 1. 13 0.86 0.96 0.52 0.58 0.89 
' 600 0.84 0.84 0.71 0.77 0.82 1.02 
800 0.84 0.91 1.04 0.79 
Significance L* NS NS L** 
Mean 1.10a 1.03ab 0. 98b 0.70b 0.64b 0.78a 
Results of variable analysis by F test 
Chemical(C) ft 
N-source(S) ft ft 
CS NS ft 
L Linear regression. Q Quadratic regression, 
** Significance at 1J level. » Significance at 5% level. 
NS Nonsignificance. 
# Within rows, means followed by different letters under 
shoots or roots are significantly different (p<_0.05) by 
Duncan’s multiple range test. 
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Table 13. Magnesium concentration of radish (March, 1987) 
Shoots Roots 
N-source Chemicals 
(mg/kg) 
Control Truban Captan Control Truban Captan 
% dry weight 
Control 0 1.17b 1.31a 1.30a 0.25a 0.24a 0.27a 
NOo-N 200 0.65 0.77 0.67 0.20 0.23 0.21 
400 0.49 0.55 0.43 0.21 0.24 0.21 
600 0.33 0.53 0.50 0.26 0.28 0.24 
800 0.37 0.38 0.66 0.33 0.20 0.39 
Significance L«» L*» Q* NS NS L* 
Mean 0.4 6b^-^ 0.56a 0.57a 0.25a 0.24a 0.26a 
NHii-N 200 0.62 0.83 0.62 0.25 0.24 0.33 
400 0.50 0.49 0.47 0.34 0.36 0.51 
600 0.35 0.41 0.39 0.42 0.43 0.41 
800 0.33 0.54 — 0.48 0.32 
Significance L* 
L»» Q* 
Mean 0.45b 0.57a 0.49ab 0.37b 0.34b 0.42a 
Results of variable analysis by F test 
Chemical(C) 
N-source(S ) « * 
CS NS NS 
L Linear regression. Q Quadratic regression. 
** Significance at 1$ level. * Significance at 5% level. 
NS Nonsignificance. 
if Within rows, means followed by different letters under 
shoots or roots are significantly different (p<_0.05) by 
Duncan*s multiple range test. 
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Fig.l. Nitrate in radish medium (March, 1987) 
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Fig.2. Ammonium in radish medium (March, 1987) 
40 
Table 14. Fresh weights of corn (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Tr ub an Captan 
Control 0 18.9a 
g/ pot 
22. la 20.7a 
NO3-N 100 55.3 56.4 58.4 
200 72.2 76.2 76.3 
400 71.4 71 . 1 73.8 
Significance L* Q* NS 
Mean 66.3 a 67.9a 69.5a 
NHi|-N 100 61.3 61.4 62.4 
200 65.4 65.5 66.7 
400 51.5 53.2 50.4 
Significance NS NS L* 
Mean 59.4a 60.0a 59.8a 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis 
NS 
NS 
by F test 
L Linear regression. Q Quadratic regression. 
»» Significance at ^% level. * Significance at 5% level. 
NS Nonsignificance. 
if Means followed by different letters within mean rows 
are significantly different (p£0.05) by Duncan’s multiple 
range test. 
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Table 15. Dry weights of corn (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Trub an Captan 
g/po t 
Control 0 2. 95a 3.33a 3.17a 
N03_n 100 8. 14 8.35 8.95 
200 9. 10 9.35 10.32 
400 7.9*1 7.56 8.56 
Significance NS NS NS 
Mean 8.42b 9.28a 
NHii-N 100 9.19 9. 11 9.35 
200 9.17 8.99 9.00 
400 6.27 6.73 6.27 
Significance L* 
Mean 8.21a 8.28a 8.20a 
Results of variable analysis by F test 
Chemic al(C) 
N-source(S) 
CS NS 
L Linear regression, Q Quadratic regression. 
Significance at ^% level. » Significance at 5% level. 
NS Nonsignificance. 
// Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Table 16. Potassium concentration of corn (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Tr ub an Captan 
% dry weight 
Control 0 3.11a 2. 86b 3.10a 
NOo_N 100 1 . 38 1.37 1.30 
200 1.38 1.37 1.30 
400 1.62 1.55 1.50 
Significance L* NS NS 
Mean 1. 46a/-^ 1 . 43a 1.37a 
NH4-N 100 1. 12 1.10 1.20 
200 0.91 1.08 1.05 
400 1.23 1.23 1.22 
Significance Q* NS NS 
Mean 1.09a 1.13a 1.15a 
Results of variable analysis by F test 
Chemical(C) ft 
N-source(S) ftft 
CS NS 
L Linear regression. Q Quadratic regression. 
** Significance at ^% level. » Significance at 5% level. 
NS Nonsignificance. 
# Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Table 17. Calcium concentration of corn (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Tr ub an Captan 
Control 0 0.48b 
% dry weight 
0.58a 0.49b 
NO3-N 100 0.38 0.45 0.36 
200 0.35 0.39 0.26 
400 0.25 0.32 0.26 
Significance L* L* NS 
Mean 0,33b^^ 0.39a 0.29b 
NH4-N 100 0.52 0.67 0.51 
200 0.49 0.57 0.50 
400 0.49 0.42 0.43 
Significance NS NS 
Mean 0.50b 0.55a 0.48b 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis 
»« 
NS 
by F test 
L Linear regression. Q Quadratic regression. 
Significance at ^% level. * Significance at 5% level. 
NS Nonsignificance. 
Means followed by different letters within mean rows 
are significantly different (p£0.05) by Duncan’s multiple 
range test. 
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Table 18. Magnesium concentration of corn (May, 1987) 
N-source 
Chemicals 
(mg/kg) 
Control Tr ub an Captan 
% dry weight 
Control 0 0.36b 0.44a 0.42a 
NOo-N 100 0.43 0.50 0. 42 
200 0.38 0.48 0.32 
400 0.27 0.34 0.26 
Significance L* L* L* 
Mean 0.44a 0.33b 
NH4-N 100 0.42 0.49 0.41 
200 0.37 0.37 0.36 
400 0.30 0.25 0.23 
Significance NS L** 
Mean 0.36a 0.37a 0.33a 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis by F test 
L Linear regression. Q Quadratic regression. 
** Significance at level. * Significance at 5% level. 
NS Nonsignificance. 
it Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Fig.3. Nitrate in corn medium (May, 1987) 
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Fig.4, Ammonium in corn medium (May, 1 987) 
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Table 19. Fresh weights of soybean (July, 1987 ) 
Chemicals 
N-source 
(mg/kg) 
Control Truban Capt an 
Control 0 14.6a 
g/pot 
12.8b 7.9c 
NO3-N 100 21.9 20.8 14.7 
200 20.7 19.5 12.4 
400 16.3 15.0 11.3 
Signific ance NS NS NS 
Mean 19.6a/-^ 18.4a 12.8b 
NH4-N 100 23.4 17.3 11.0 
200 20.0 15.0 8.0 
400 4.0 4.5 2.7 
Significance L** L* 
Mean 15.8a 12.2b 7.2c 
ChemicaK C) 
N-source(S) 
CS 
Results of variable analysis by 
NS 
F test 
L Linear regression. Q Quadratic regression. 
»» Significance at ^% level. * Significance at 5% level. 
NS Nonsignificance. 
# Means followed by different letters within mean rows 
are significantly different (p£0.05) by Duncan’s multiple 
range test. 
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Table 20. Dry weights of soybean (July, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Truban Captan 
Control 0 3.54a 
g/ pot 
2.97b 1.34c 
NOo-N 100 4.71 4.37 2.36 
200 3.81 3.80 2. 1 1 
400 2.83 2.71 2.01 
Significance L* NS NS 
Mean 3.78a/-f 3.62a 2. 16c 
NHii-N 100 4.62 3.29 1.68 
200 3.64 2.68 1.32 
400 0.68 0.74 0.51 
Significance NS 
Mean 2.98a 2.24b 1.17c 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis by F test 
L Linear regression, Q Quadratic regression, 
** Significance at ^% level, * Significance at 5% level, 
NS Nonsignificance, 
# Means followed by different letters within mean rows 
are significantly different (p<^0,05) by Duncan*s multiple 
range test. 
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Table 21. Potassium concentration of soybean (July, 1987) 
Chemicals 
N-source 
, (mg/kg) 
Control Trub an Captan 
% dry weight 
Control 0 1.52c 1.87b 2.43a 
NO3-N 100 1 .58 1.76 2.61 
200 1.85 1.85 2. 65 
400 1.85 2. 10 2.36 
Significance NS NS NS 
Mean 1. 1.90b 2.54a 
NH4-N 100 1.89 2. 12 3.03 
200 2.18 2. 42 3. 11 
400 2.39 3.39 4.06 
Significance NS 
Mean 2. 15c 2.65b 3.40a 
Results of variable analysis by F test 
Chemical(C) 
N-source(S) «» 
CS 
L Linear regression. Q Quadratic regression. 
** Significance at level. * Significance at 5% level. 
NS Nonsignificance. 
// Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Table 22. Calcium concentration of soybean (July, 1987) 
N-source 
Chemicals 
(mg/kg) 
Control Tr ub an Captan 
% dry weight 
Control 0 1.07c 1.17b 1.33a 
NO3-N 100 1.20 1.25 1.34 
200 1.20 1.13 1.23 
400 1.04 1.00 0.90 
Significance NS L* 
Mean 1. 15ab// 1.13b 1.16a 
NH4-N 100 1.10 1.08 1.03 
200 0.90 0.86 0.90 
400 0.90 0.85 0.83 
Signific ance NS NS NS 
Mean 0.97a 0.93b 0.92b 
Results of variable analysis by F test 
Chemical ( C) «« 
N-source(S) « * 
CS 
L Linear regression. Q Quadratic regression. 
** Significance at 1% level . * Significance at 556 level. 
NS Nonsignificance. 
# Means followed by different letters within mean rows 
are significantly different (p£0.05) by Duncan’s multiple 
range test. 
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Table 23. Magnesium concentration of soybean (July, 1987) 
Chemicals 
N-sou rce 
(mg/kg) 
Control Tr ub an Captan 
Control 0 0.42c 
% dry weight 
0.54b 0.66a 
NO3-N 100 0.43 0.51 0.57 
200 0.45 0.49 0.50 
400 0.37 0.45 0.37 
Significance NS NS L** 
Mean 0.42b/-' 0.48a 0.48a 
NH4-N 100 0.49 0.57 0.59 
200 0.48 0.57 0.57 
400 0.51 0.66 0.70 
Significance NS L* L* 
Mean 0.49b 0.60a 0.62a 
Chemical(C) 
N-"Source(S) 
CS 
Results of variable analysis 
» « 
« « 
« » 
by F test 
L Linear regression, Q Quadratic regression, 
** Significance at 1% level, * Significance at 5% level, 
NS Nonsignificance. 
it Means followed by different letters within mean rows 
are significantly different (p<^0.05) by Duncan^s multiple 
range test. 
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Fig,5. Nitrate in soybean medium (July, 1987) 
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Fig.6. Ammonium in soybean medium (July, 1987) 
54 
Table 24. Fresh weights of wheat (May, 1987) 
N-so u rce 
Chemicals 
(mg/kg) 
Control Tr ub an Captan 
g/ pot 
Control 0 3.2b 3.9ab 4.2a 
N03_N 100 13.5 14.8 15.2 
200 12.0 14.0 15.2 
400 10.2 8.4 13.3 
Significance NS NS 
Mean 1 1 . Sb^f 12.4b 14.5a 
NH4-N 100 12.7 13.0 11.4 
200 14.7 13.5 13.6 
400 12.4 10. 1 9.4 
Significance NS NS Q* 
Mean 13.3a 12.2b 11.5b 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis by 
« « 
F test 
L Linear regression. Q Quadratic regression. 
** Significance at \% level. * Significance at 5% level. 
NS Nonsignificance. 
if Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Table 25. Dry weights of wheat (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Truban Captan 
Control 0 0.84b 
g/po t 
0.95ab 1.07a 
NO3-N 100 2.48 2.63 2.93 
200 2. 16 2.47 2.72 
400 1.92 1.56 2.36 
Significance NS L*» NS 
Mean 2.19 b// 2.22b 2.67a 
NH4-N 100 2.66 2.68 2.55 
200 2.85 2.58 2.73 
400 2.35 1 . 96 2.02 
Significance NS L* L* 
Mean 2.62a 2.40b 2.43b 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis 
« « 
by F test 
L Linear regression. Q Quadratic regression. 
** Significance at ^% level. * Significance at 5% level. 
NS Nonsig n i f icance . 
it Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Table 26. Potassium concentration of wheat (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Trub an Captan 
Control 0 2.86b 
% dry weight 
3.16a 3.13a 
NO3-N 100 3.22 3.46 2.92 
200 3.71 3.29 3.25 
400 3.73 3.62 3.71 
Significance NS NS 
Mean 3.55a// 3.46ab 3.29b 
NH4-N 100 2.99 3.1 1 2.83 
200 2.70 2.84 2.82 
400 3.40 3. 15 3.34 
Significance Q* NS L* 
Mean 3.03a 3.03a 3.00a 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis 
NS 
by F test 
L Linear regression. Q Quadratic regression. 
Significance at ^% level. » Significance at 5% level. 
NS Nonsignificance. 
if Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan's multiple 
range test. 
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Table 27. Calcium concentration of wheat (May, 1987) 
Chemicals 
N-source 
(mg/kg) 
Control Tr ub an Captan 
Control 0 0.35c 
% dry weight 
0.44a 0.41b 
N03_N 100 0.37 0.42 0.38 
200 0.36 0.41 0.41 
400 0.34 0.38 0.39 
Significance NS NS NS 
Mean 0.36b# 0.40a 0.39a 
NH4-N 100 0.37 0.48 0.43 
200 0.28 0.26 0.34 
400 0.22 0. 18 0.28 
Significance L* L* 
Mean 0.29b 0.31b 0.35a 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis by F test 
L Linear regression. Q Quadratic regression. 
** Significance at level. * Significance at 5% level. 
NS Nonsignificance. 
// Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Table 28. Magnesium concentration of wheat (May, 1987) 
Chemicals 
N-sou rce 
(mg/kg) 
Control Truban Captan 
Control 0 0.21b 
% dry weight 
0.24a 0.21b 
NO3-N 100 0.35 0.42 0.34 
200 0.33 0.40 0.37 
400 0.25 0.28 0.30 
Significance L** L** NS 
Mean 0.31c^ 0.37a 0.344b 
NH4-N 100 0.20 0.26 0.21 
200 0.17 0. 19 0.16 
400 0.12 0.15 0.14 
Significance L* 
L»» NS 
Mean 0.16b 0.20a 0.17b 
Chemical(C) 
N-source(S) 
CS 
Results of variable analysis 
« « 
« « 
NS 
by F test 
L Linear regression. Q Quadratic regression. 
** Significance at 1% level. * Significance at 5% level. 
NS Nonsignificance. 
P Means followed by different letters within mean rows 
are significantly different (p<_0.05) by Duncan’s multiple 
range test. 
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Fig.7. Nitrate in wheat medium (May, 1987) 
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Fig.8. Ammonium in wheat medium (May, 1987) 
CHAPTER V 
DISCUSSION 
Growth and Mineral Composition of Radish under Different 
Nitrification Inhibitors and Nitrogen Sources 
The results of residual nitrogen remaining in medium at 
the end of investigation indicated that nitrapyrin and 
captan inhibited nitrification of ammonium effectively, and 
benomyl had no significant effect on nitrification. In 
regard to the amount of chemical inhibitors applied, 
nitrapyrin was effective in the inhibition of nitrification 
at 20 mg/kg, but captan was effective at MO mg/kg. Both 
chemicals gave the same trend with application of ammonium 
sulfate or urea. 
The residual ammonium nitrogen in the medium treated 
with ammonium sulfate or urea was enhanced relative to the 
control treatments (no chemical addition to the medium) by 
increasing addition of nitrapyrin and captan. Compared with 
the control treatments, the residual ammonium nitrogen in 
the medium was increased two times with applied ammonium 
sulfate and five times with applied urea. However, the 
relative amount of residual ammonium nitrogen in the medium 
with applied urea was lower than that with applied ammonium 
sulfate. The reason for this may be the loss of NH3 by 
volatilization after hydrolysis of urea,t3M,35] The residual 
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nitrate nitrogen in the medium supplied with ammonium 
sulfate and urea was suppressed by all levels of nitrapyrin 
addition and 40 mg/kg of captan addition. No inhibitors had 
a significant effects on the residual nitrate in the medium 
treated with potassium nitrate. 
The phytotoxic symptoms due to nitrapyrin and captan 
were similar. On their use with ammonium sulfate and urea, 
the plant had restricted growth, intervinal chlorosis, 
marginal necrosis, cupped leaves, and twisted roots. These 
symptoms are typical ammonium toxicity in piant, t3t14,46] 
However, some evidence^^ 36,45,52 ] showed that the ammonium 
toxicity may not be the sole cause of these problem. Some of 
the effects may be due directly to the chemical inhibitors. 
Stratton and BarkerJ^52] suggested that the curling, 
twisting, and necrosis of vegetative growth may be 
associated with auxin-like effects of the inhibitor or with 
imbalances in auxin metabolism. The imbalances in auxin 
metabolism may be associated with inadequate mineral 
nutrition. 
Many reports^3»5, 12,23i31i 48,58] using various plants 
have shown that acidity of the medium and deficiencies of 
potassium, calcium, and magnesium were major reasons for 
toxic effects of ammonium. However, there were some 
conflicting results reported. Goyal, Lorenz and Huffaker^l^J 
observed that even though the pH of the nutrient solution 
was closely regulated at or near neutrality, ammonium 
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toxicity persisted in radish plants. They also reported that 
large amounts of potassium and calcium in the solution did 
not correct ammonium toxicity. If an extremely low 
concentration (1 ppm) of ammonium was used and other 
elements of nutrient solution were held at full strength 
(the ratios between K+:NH4+ and Ca++:NH4+ were much greater 
than commonly encountered in nutrient solutions), ammonium 
as the source of nitrogen was still toxic to radish plant in 
their study. 
If nitrification was inhibited by the addition of 
nitrapyrin or captan, fresh and dry weights of plant grown 
in the medium treated with ammonium sulfate or urea were 
decreased markedly by of the high concentration of 
accumulated ammonium. On the other hand, high amounts of 
ammonium application elevated plant and soil nitrate 
concentrations if oxidation of ammonium to nitrate was 
uninhibited. The use of nitrification inhibitors to suppress 
nitrate accumulation in shoots and roots has been observed 
by other researchers.C37] The results from the present study 
show that nitrate concentrations in plant tissues were 
suppressed by the addition of nitrapyrin and captan. 
The plants grow in the medium treated with ammonium 
fertilizer and nitrification inhibitor usually contain lower 
concentration of inorganic cations, especially calcium and 
magnesium. [12,13f24,30,55,62] This tendency is attributed to 
competition absorption between ammonium and cations. 
English, Rufner, and BarkerCiS] also suggested that chemical 
inhibitors affect the permeability of plant cell membrane by 
altering its integrity or activity. In the present study, 
the concentrations of calcium and magnesium in the plant 
grown in the medium supplied with ammonium sulfate and urea 
were lowered by application of nitrapyrin and captan, 
whereas that of potassium was enhanced. Furthermore, the 
calcium and magnesium concentrations were negatively 
correlated to the residual ammonium in the medium but 
positively correlated to the residual nitrate, and the 
concentration of potassium was in contrary to that of 
calcium and magnesium (Table 29). 
From above discussion, it seems that the application of 
ammonium nitrogen combined with nitrification inhibitors 
increased the potassium absorption. Actually this is not so 
because as the concentration of potassium in the plants 
increased, the plant fresh and dry weight decreased. The 
negative correlation coefficients between residual ammonium 
in the medium and plant weight (Table 30) indicate that the 
plant growth rate was restricted by application of ammonium 
and inhibitors. Meanwhile, the negative correlation 
coefficients between the potassium concentration in the 
plant and the plant weight show that the total amount of 
potassium absorbed by plant would not be changed. The 
results from this investigation agree with the hypotheses 
presented by other researchers.t12,30,58] They proposed that 
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absorption of ammonium would reduce calcium and magnesium 
uptake but would have little competitive effect on or not 
alter the uptake of potassium. 
Different Plant in Response to Ammonium and Nitrate as 
Sources of Nitrogen under Application of Captan and Truban 
The visible toxic symptoms (stunted plant growth, 
cupping of leaves, marginal necrosis and intereveinal 
chlorosis) were clearly evident on radish and soybean which 
were grown in the medium treated with ammonium nitrogen and 
truban or captan. These effects might be attributed to the 
ammonium toxicity and chemicals themselves as discussed at 
Project I. However, the clustering of branches would be only 
resulted from the chemicals. The marginal necrosis of the 
plants supplied with high levels of nitrate nitrogen could 
be to salt injury. 
The results from the fresh and dry weights of radish, 
soybean, and wheat indicated that captan and truban affect 
the growth of cultured plants supplied with ammonium except 
for corn. The fresh and dry weights of radish and soybean 
were also decreased by application of captan and nitrate. 
Blair, Miller, and Mitchell^^^ concluded that at low level 
of nitrogen application, there were no yield differences 
between ammonium and nitrate nitrogen sources, but when the 
concentrations were increased the plants yield was depressed 
in the ammonium nitrogen treatments. The results reported 
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here agree with this conclusion. Compared with nitrate 
nitrogen treatments, the ammonium nitrogen concentrations 
without chemicals applied, in which the weights of plant 
were decreased, were 100 mg/kg ammonium for radish roots, 
600 mg/kg for radish shoots, 200 mg/kg for corn, and 400 
mg/kg for soybean. The concentrations were lower with 
chemical applied because more ammonium was remained in the 
medium as a result of inhibition of nitrification. However, 
wheat weights had no significant difference between ammonium 
and nitrate sources whether or not chemicals were applied. 
As mentioned in Project I, the different forms of 
nitrogen applied to plants result in different absorption of 
plant nutrient. Nitrogen supplied as ammonium usually 
suppress cation accumulation in plants, but cation 
absorption is often enhanced by increased nitrate supply. 
However, Barker and Maynard suggestedC2] that the quantity 
and nature of cations accumulated in plants depends on the 
plant species. The differences among species may result from 
the inherent requirements which plants have for nitrogen, 
the ability of different plants to assimilate nitrogen in 
the roots, and the form in which nitrogen is translocated. 
Nitrate translocation to shoots is accompanied by an 
equivalent amount of cations, but the translocation of 
the reduced nitrogen form, such as amino acids, results in a 
low mineral cation content in the plant shoots.1^2] 
Other reportsf^^»23] also indicated that the plants 
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supplied with ammonium nitrogen contain high amount of free 
ammonium nitrogen, protein, and free amino acids, such as 
arginine and lysine, but lower amount of organic acids, 
Harada, Takaki and YamadaCl^] proposed that the assimilation 
of inorganic nitrogen may be affected by contents of organic 
acids. Unlike nitrate nitrogen, ammonium nitrogen does not 
require reduction before its assimilation by plants, but it 
is toxic and must be combined with non-nitrogenous compounds 
to synthesize useful or at least harmless nitrogenous 
constituents for later use. In plant supplied with ammonium 
nitrogen, organic acids are kept at a lower level by 
reactions involving the formation of amino acids through 
a-ketoglutaric and oxaloacetic acid. 
From the results of the present study. Table 31 
summarizes the differences of cations absorption in 
different plant species and nitrogen sources. The potassium 
concentrations in corn, wheat, and soybean were increased by 
increasing the levels of ammonium and nitrate nitrogen 
applied, but in radish shoots and roots there is an opposite 
situation. In all cultured plants except for radish roots, 
the concentration of calcium and magnesium were decreased by 
increasing both nitrogen sources. Compared with nitrate 
nitrogen source, the applied ammonium nitrogen increased the 
potassium concentration in soybean and radish but decreased 
that in corn and wheat. The calcium concentrations were 
decreased in wheat, soybean, and radish shoots by applied 
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ammonium, but was increased in corn. The concentrations of 
magnesium was increased in soybean, and decreased in wheat. 
The various effects of ammonium and nitrate on the 
cation concentrations of the plants would be influenced by 
the conditions under which they are applied. In addition to 
soil pH, temperature, moisture, and organic matter content, 
antagonism among the ions is an important factor. Shear and 
FaustC^9] reported that at a low level of calcium in soil, 
potassium concentration in plants was higher at any level of 
applied nitrate than that at the same level of applied 
ammonium. At the high level of calcium in soil, the opposite 
situation was true. However, at a low level of applied 
nitrogen, the magnesium concentration in plant was not 
affected by level of calcium in soil. At a high level of 
applied nitrogen, the magnesium concentration was higher 
with ammonium supply at the low level of calcium and higher 
with applied nitrate at the high level of calcium in soil. 
An other reportC6] shows that during different growth 
period, plants prefer to absorb different forms of nitrogen. 
Corn and wheat took up more nitrogen from an ammonium source 
up to 28 days, but at 35 days they took up more nitrate from 
soil. This alterative absorption of forms of nitrogen could 
result in alteration of cation absorption in order to 
maintain electroneutrality in the plant. Therefore, the 
growth period should be considered in comparing mineral 
composition in different plants. 
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Table 32 shows that application of chemicals increased 
the cations concentration in most cases for corn and wheat 
in this study. The applied chemical inhibitors increased the 
potassium concentration but decreased the calcium 
concentration in radish and soybean. This result is 
agreement with the results presented in Project I. The 
mechanism for truban and captan to increase all cation 
including potassium, calcium and magnesium in corn and wheat 
is not clear and needs a further study. 
The results of residual nitrogen in all cultured plants 
medium show that truban and captan significantly inhibited 
nitrification of ammonium in this study. Table 33» 3^» 35, 
and 36 indicate that for all cultured plants, the amounts of 
residual ammonium in the medium treated with chemicals and 
ammonium sulfate were significant higher than that in the 
medium without chemicals applied. There were no significant 
differences between the medium with chemicals and without 
chemicals under nitrate application even though there were 
detectable amounts of residual ammonium in the medium 
without chemicals. On the other hand, the amounts of 
residual nitrate in the medium treated with captan and 
sodium nitrate were significant higher than that in the 
control medium. There were no significant differences 
between the medium with truban and control for all cultured 
plants except for radish. The results suggest that captan 
probably has an ability to inhibit denitrification of 
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nitrate in the medium besides its ability to inhibit 
nitrification. This supposition agrees with the finding 
presented by Yeomans and Bremner.t^O] They reported that 
captan significantly affected denitrification if applied at 
the rate of 50 mg/kg soil in their laboratory study. 
Furthermore, residual nitrate nitrogen in the medium 
treated with sodium nitrate for soybean was much lower than 
that in the medium for corn and wheat treated with the same 
amount of nitrate nitrogen as soybean (Table 3^f 35, and 
36). On the other hand, the residual ammonium nitrogen in 
the medium treated with ammonium sulfate for soybean was 
much higher than that for corn and wheat. This finding 
suggests that soybean perhaps prefer nitrate nitrogen uptake 
to ammonium nitrogen uptake compared with corn and wheat. 
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Table 29. Correlation coefficients for linear regression 
of radish composition with residual nitrogen 
(May, 1986) 
Composition 
Correlation Coefficient 
Residual NHi|-N Residual NO3-N 
K 0.73** -0.64** 
Ca -0.74** 0.83** 
Mg -0.65** 0.77** 
** Significant at the 1 % level. 
Table 30. Correlation coefficients for linear regression 
of radish weight with composition and residual nitrogen 
(May, 1986) 
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,■ Correlat ion coefficient 
Variable 
Fresh weight Dry weight 
K -0.73*^ -0.77** 
Ca o.6n** 0.61** 
Mg 0.51** 0.47** 
Residual NH^-N -0.85** -0.82** 
Residual NO3-N 0.57** 0.51** 
significant at the 1% level. 
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Table 31. Cation concentration 
of plant as affected by nitrogen sources 
(1987) 
Species Cation 
Nitrogen sources 
NO3-N 
Increasing 
NH4-N 
Increasing vs 
NH4-N 
NO3-.N 
Corn K + + 
Ca — — + 
Mg — — NS 
Wheat K + + 
Ca — — - 
Mg — — — 
Soybean K + + + 
Ca — — — 
Mg — + 
Radish shoots K + 
Ca — — - 
Mg - — NS 
Radish roots K - - + 
Ca + + + 
Mg + + + 
+ Positive effect, 
- Negative effect, 
NS Nonsignificant effect. 
Table 32. Cation concentration of plant 
as affected by chemical inhibitors with nitrogen sources 
(1987) 
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Species Cation 
Chemical inhibitors 
W/NO3 
Tr ub an 
-N W/NH4-N 
Captan 
W/NO3-N W/NH4-N 
Corn K NS NS NS NS 
Ca + + NS NS 
Mg NS NS NS 
Wheat K NS NS NS 
Ca + NS + + 
Mg + + + NS 
Soybean K NS + + + 
Ca NS — NS - 
Mg + + + + 
Radish shoots K NS + NS + 
Ca — NS NS - 
Mg + + + NS 
Radish roots K NS NS NS + 
Ca — NS NS + 
Mg NS NS NS + 
+ Positive effect. 
Negative effect. 
NS Nonsignificant effect. 
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Table 33. Residual nitrogen in radish medium 
(March, 1987) 
N-so urce 
Chemical 
NO3- NH4 + NO3- NH4 + 
NH4-N, mg/ kg NO3-N, mg/kg 
Control 1 la 186c 49c 2a 
Truban 13a 263b 1 06b 2a 
Captan 14a 295a 1 60a 2a 
Results of variable analysis by F test 
N-source(N) « * * ** 
Chemical(C) ** 
NC « « 
NO^'+C vs NO^” NS « « 
NHn++C vs NH4+ «« NS 
The different letters within column are significantly 
different (p<^0.05) by Duncan’s multiple range test. 
* Significance at level, 
** Significance at 1% level. 
NS Nonsignificance, 
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Table 3^. Residual nitrogen in corn medium 
(May, 1987) 
N-source 
Chemical 
N03- NH4 + NO3- NH4'+ 
NH4- N, mg/kg NO3-N, mg/kg 
Control 1 la 27c 1 6b 3a 
Truban 13a 34b 14b 3a 
Captan 13a 38a 26a 3a 
Results of variable analysis by F test 
N-source(N) « 
Chemic al(C) « « n * 
NC « » 
NO^'+C vs N03“ NS « 
NHi| + + C vs NH4 + NS 
The different letters within column are significantly 
different (p<_0.05) by Duncan's multiple range test. 
* Significance at 556 level. 
** Significance at 1/6 level. 
NS Nonsignificance. 
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Table 35. Residual nitrogen in soybean medium 
(July, 1987) 
N-source 
Chemical 
NO3- NH4 + NO3- NH4 + 
NH4 -N, mg/kg NO3-N, mg/kg 
Control 8a 41c 3b 3a 
Truban 1 la 87b 3b la 
Captan 13a 1 08a 5a 2a 
Results of variable analysis by F test 
N-source(N) * * 
Chemical(C) * 
NC * « 
N02”+C vs N03“ NS NS 
NH4++C vs NH4+ « » 
The different letters within column are significantly 
different (p<_0.05) by Duncan’s multiple range test. 
* Significance at 5/6 level. 
** Significance at 156 level. 
NS Nonsignificance. 
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Table 36, Residual nitrogen in wheat medium 
(May, 1987) 
N-source 
Chemical 
N03“ NH11 + NO3- NH4 + 
NH^- N, mg/ kg NO3-N, mg/kg 
Control 13a 5 1 b 27b 4 a 
Truban 14a 57ab 1 8b 2a 
Captan 14a 67a 48a 3a 
Results of variable analysis by F test 
N-source(N) « 
Chemical(C) 
NC NS NS 
N03“+C vs NO^- NS « 
NHi| + + C vs NH4 + NS 
The different letters within column are significantly 
different (p<_0.05) by Duncan’s multiple range test. 
* Significance at b% level. 
** Significance at level. 
NS Nonsignificance. 
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